The use of colchicine to induce polyploids increases secondary metabolite production potential and has been used for many years for the production of valuable compounds in plants. This project took advantage of this method to increase the production of secondary metabolites in licorice. For this purpose, seeds of licorice, Glycyrrhiza glabra var. glandulifera, were treated with different concentrations of colchicine for 24 hours and then cultivated in vitro. After a month, the effect of colchicine on the cellular DNA level of cotyledons was analyzed by spectrophotometry and flow cytometry. For callus induction, root explants of one month old plantlets derived from colchicine treated seeds were transferred to MS medium containing growth regulators and the anthocyanin and glycyrrhizic acid levels of the callus tissues were measured after two months of growth. The total DNA content of plantlets derived from seeds treated with 0.05%, 0.08% and 0.1% of colchicine for 24 hours was increased significantly. Treated plants had increased numbers of larger stomata, significantly in those treated with 0.1% of colchicine for 24 hours. After colchicine treatment, the root, shoot and leaf thickness was found to be increased, while their length was decreased. Results of flow cytometry showed changes in ploidy level in plantlets obtained from treatment with 0.08% (mixoploids) and 0.1% (tetraploids) of colchicine. Anthocyanin level was significantly increased in callus obtained from plantlets treated with 0.08% of colchicine. The amount of glycyrrhizic acid in all treatments increased, especially in the 0.1 and 0.03% colchicine treatments and this seems to prove an increased production of metabolites in polyploid licorice tissues.
Licorice (Glycyrrhiza glabra L.) is a medicinal plant whose various compounds have long been used for medicinal and industrial uses [1a,b] . Due to intensive harvests, natural resources of this species are depleted and developing a suitable method for increasing in vitro production of its secondary metabolites can help the conservation of this precious species. The induction of artificial polyploidy has long been considered as a valuable tool for the genetic improvement of many plants and, as a result, may increase the production of important medicinal compounds [2] . Colchicine is a polyploidy agent used for chromosome doubling under in vitro conditions. The effect of colchicine differs with concentration and duration of treatment. An important step in polyploidization is the determination of the ploidy level in a quick and simple way. The measurement methods are classified as direct and indirect. The direct method is the classical one of counting chromosomes in mitotic cells of root tips. This method is accurate, but timeconsuming and needs a lot of experience. Therefore, indirect methods have been developed for ploidy determination [3a] . Cytological characteristics, such as size of stomata cells, stomata density, pollen grain diameter, and number of chloroplasts in guard cells can be used as indirect ways for determining polyploids [3a-c] . DNA content can also be a good indicator of ploidy level, as it increases by chromosome doubling that happens in polyploidy. This method also speeds up the determination of the ploidy level of in vitro regenerated plants [4a] . Flow cytometry (FCM) is a very rapid and easy marker for ploidy manipulations. This method is very fast and needs small amounts of tissue and can be used to analyze a large number of cells, especially when mixoploids or aneuploids exist [4b] . It has been proved that flow cytometric analysis is faster and more convenient than the other methods [3c,4c] .
In this experiment we used colchicine treatments in order to obtain polyploids of licorice and develop callus culture from these new genotypes for in vitro secondary metabolites production. We used indirect methods such as spectrophotometry and stomata size for recognition of putative polyploids, and then flow cytometry to confirm ploidy level, and finally we compared the level of glycyrrhizic acid and anthocyanin in callus tissues derived from polyploidy plantlets.
In vitro plant polyploidization:
The growth and development of seedlings were assessed a month after colchicine seed treatment. All the control seedlings and the seedlings resulting from treatment with different concentrations of colchicine for 24 hours survived. However, not all of them grew completely, especially those treated with high concentrations of colchicine. This indicated that the low dose treatments with colchicine did not have serious toxic effects, while higher concentrations had some toxic effects and reduced the growth rate [4d]. There was an inverse relationship between the survival of plantlets and colchicine concentration, and this is in agreement with similar reported results with ex vitro [5a,b] and in vitro [6a,b] polyploidization studies on other plant species.
The morphological features of the treated plantlets, such as root, shoot and leaf thickness, were found to be increased, while their length decreased. Also, the growth of treated plants was slower than that of the controls. These morphological changes were reported in similar studies [6c] and were used for selecting putative polyploids. The slower rate of growth may be the result of physiological disturbance induced by colchicine, which causes a reduction in cell division rate [7] . The growth of both control and treated plantlets was equally good in subculture, and showed that colchicine only causes an initial reduction of growth [5b].
The length of stomata in putative morphologically polyploid plants was measured. We selected robust and darker green plants. The results suggested that treated plants have a noticeably increased number of larger stomata. In licorice plantlets, the length of stomata was significantly larger in plantlets from seeds treated with 0.05%, 0.08% and 0.1% of colchicine for 24 hours, with a length of between 110 and 182 nm, while the average length of those of control plants was 84.7 nm ( Figure 1 ). Stomata length could be an indicator of ploidy levels and has been used in different plant types for determining ploidy level [3a,5b,6a,b,8a,b] .
The optical density of total DNA content of licorice plantlets that were treated with 0.08% and 0.1% of colchicine for 24 hours was found to be almost double that of control plants and this confirms the existence of tetraploids ( Figure 2 ). The total DNA content of plants increases as the result of chromosome doubling that happens in polyploidization. This can be used as an indicator for ploidy determination. The spectrophotometric method is easy and fast and reduces the time to determine ploidy of in vitro regenerated plants. Raza et al. reported the efficiency of this method in determining ploidy level in watermelon [4a] . Our results are also in agreement with similar studies carried out by b] . The putative polyploid plants were selected on the basis of morphology, stomata length and total DNA content for analysis by flow cytometry Results of flow cytometry in putative polyploid plants in licorice confirmed the previously mentioned results and suggested tetraploids in plantlets obtained by treatment with 0.08% colchicine and mixoploids in plantlets obtained from treatment with 0.1% colchicine. In the plantlets treated with 0.1% colchicine, a mixture of diploid and tetraploid tissues was observed. Peak "1", with a mean relative DNA content of 17.3, corresponds to the control cells, whereas peak "2", with a mean relative DNA content of 35.4, corresponds to the tetraploid cells. In plantlets treated with 0.08% colchicine, a peak with a mean relative DNA of 51.9 was observed, which corresponds to tetraploid cells. Flow cytometry is very accurate and powerful for estimating plant nuclear DNA content as it measures florescence intensity of stained nuclei sensitively within seconds [10,11a] .
Secondary metabolites analysis in callus tissues:
In the present study, 24 h colchicine seed treatment significantly improved the anthocyanin level of callus tissues derived from roots of the related seedlings ( Figure 3 ). Thus it can be stated that total production of anthocyanin in these callus tissues has been increased and, due to the results of flow cytometry, it can be argued that polyploidy induction has had a positive effect on anthocyanin production, as has been reported by De Jesus-Gonzales and Weathers [11b] in Artemisia annua root culture for artemisin production. This increase is more remarkable in callus tissue derived from plantlets treated with 0.08% colchicine (x 3.5) rather than the ones derived from treatment with 0.1% colchicine.
Glycyrrhizic acid level was also increased significantly, particularly in treatments with 0.1% and 0.03% colchicine (Figure 4 ). However, lower levels of glycyrrhizic acid in calli derived from plantlets obtained after seed treatment with 0.08% colchicine in comparison with 0.03% and 0.05% treatments may be due to changes in metabolism as the result of polyploidization that affect metabolism both in biochemical profile and concentration aspects. However, the glycyrrhizic acid content in these tissues is still much higher than that of the control (x2.3).
The increase in anthocyanin and glycyrrhizic acid does not follow the same trend as the range of cochicine given in pretreatment of the Colchicine treatments to obtain polyploids of licorice Natural Product Communications Vol. 7 (11) 2012 1459 seeds. This difference can be explained by the results of Lavania [2] in that chromosome doubling may influence the activity of the genome, but not identically for all genes and it depends on genotype and species.
It can be concluded that there is a positive relationship between polyploidy induction and secondary metabolites production. This work raises the prospect of the generation of plantlets from polyploid callus tissues having a high potential for production of metabolites.
Experimental
Plant material and treatment: Seeds of licorice (Glycyrrhiza glabra var. glandulifera L.) were soaked in 98% sulfuric acid for 30 min in order to remove the hard seed coat that prevents germination. Then seeds were sterilized in 70% ethanol for 1 min and 1% sodium hypochlorite for 20 min, and finally rinsed with distilled water 3 times. The seeds were then cultured on sterile liquid MS medium supplemented with colchicine (0%, 0.03%, 0.05%, 0.08%, 0.1%, pH 6) for 24 h on an orbital shaker (100 rpm). Then they were rinsed and germinated on agar MS media [Murashige and Skoog, 11c] in a culture room with a photoperiod regime (16 h light/8 h obscurity) at 25-27°C and 65% humidity. The roots of seedlings developed from treated and non-treated seeds were used as explants and cultured on MS medium with 0.1 mg.L -1 BAP, 0.5 mg.L -1 IAA and 0.5 mg.L -1 2,4-D for callus induction and growth in a culture room under the same conditions as those described above.
Ploidy analysis:
Putative polyploid plantlets were selected based on morphology, as they seemed to be thicker, darker and showed delayed growth. Size of stomata in selected plants was measured and their cellular DNA contents were analyzed by spectrophotometry, and finally flow cytometry. The epidermal cells of 2 leaves from 5 diploid and 5 putative tetraploid plantlets from each treatment were randomly examined. The imprint of epidermal cells of plantlets treated with different concentrations of colchicine for 24 h were obtained by applying thin layer of clear nail polish on the lower leaf surface and removing it after drying (abaxial side) [11d] . Imprints were stuck on a microscope slide and observed by light microscopy at ×1000 magnification for guard cells measurement (BX50; Olympus Optical Co. Ltd.)
The DNA of 5 control and 5 treated plants from each treatment was randomly extracted by standard procedures using hexadecyl trimethyl-ammonium bromide (CTAB). Optical density of total DNA content was measured at 260 nm by spectrophotometry [4a] .
Flow cytometric analysis was carried out using a PA-1 (Partec, Germany) flow cytometer. Approximately 0.5 mg of leaf tissue from selected plants was chopped with a sharp blade in 0.5 mL CyStain DNA 1 step nucleus extraction buffer (HR, high resolution, A solution, Partec, CA), filtered through a 30 μm nylon mesh, and then incubated in the same buffer for 5 min. The different flow cytometer parameters were adjusted with untreated material to secure well defined and reproducible readings.
Secondary metabolites analysis:
Anthocyanin levels were measured after 2 months of callus growth according to Do and Cormier [12a] . Anthocyanin was extracted by grinding 0.5 g callus tissue of seedling roots treated with various concentrations of colchicine in 2 mL of extraction buffer containing HCl-ethanol 1% (15:85). Samples were kept for 24 h at 4°C and then centrifuged at 5000 rpm for 30 min at 4°C. Clear supernatant solution was separated and the absorbance read at 535 nm using a spectrophotometer. The amount of anthocyanin was calculated using the absorption coefficient 98.2 mol.cm -1 according to the equation: Absorption: absorption coefficient × density.
For glycyrrhizic acid extraction, 2 month old callus tissues were removed from the culture medium and dried in an oven at 60°C for 48 h. Two g of dried callus was powdered, transferred to test tubes and mixed with 2 mL of a solution of ethanol: water (3:7). The mixture was filtered and the clear extract used to determine the amount of glycyrrhizic acid by HPLC. An HPLC system Well Chrom model (Knauer) with a k-1001 pump, PDA detector (k-2800), injection valve model 7525 with 20 μL loop, Euroshper C18 100 column with 250 × 4.6 mm dimensions, computer data processing system, and Chrom-Gate software was used to measure glycyrrhizic acid. The mobile phase was water: acetonitrile: methanol: acetic acid (40:30:30:1); an isocratic washing program with a mobile phase velocity of 0.8 mL/min -1 and 254 nm wavelength was applied. First, a standard curve was prepared based on the area under the curve and this was used to determine the concentration of the unknown samples [12b].
Statistical analysis:
All data were statistically analyzed using the LSD test and analysis of variance (ANOVA) by SPSS 18 software. Diagrams were prepared using Microsoft Excel 2007.
